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(54) Control unit and method for controlling motor for use in printer, and storage medium storing 
control program 



(57) There is provided a control unit capable of 
rapid and precise stoppage of an object to be driven by 
a motor for use In a printer. The control unit has a speed 
control part to control the object by acceleration control, 
constant speed control, deceleration control, and stop- 
page control by controlling a cunrent to be applied to the 
motor, and ajsojin inertia_calf-M]ftt|nq part^aa) to calcu- 
late inertia of the object based on angular acceleration 



of the nnotor under the acceleration control of the object, 
anri nurrp pt vaiy jes to be applied to the motor under the 
acceleration control and the constant speecLc flDlcQl of 
the object. The speed control part uses the calculated 
inertia for controlling the current to be applied to the 
motor. 
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Description 

BACKGROUND OF THE INVENTION 

5 Field of The Invention 

[0001] TTie present invention relates generally to a control unit and nfiethod for controlling a motor for use in a 
printer, and a storage medium storing a control program. More specifically, the invention is used for controlling the 
speed of a motor for driving a carriage of a serial printer. 

10 

Description of Related Art 

[0002] In a typical serial printer such as an InkJet printer, a recording head scans on a printing paper to print This 
recording head is fixed to a carriage to move with the carriage. This carnage is driven by a DC(Direct Cun'ent) motor. 
15 The system for driving the carriage is as follows. 

[0003] Rrst, a CR motor starts by acceleration control. The CR motor is driven at a constant speed by PID control. 
Then, the CR motor decelerates to stop. 

[0004] A printing operation is executed while a carnage Is transferring at a constant speed, or the CR motor is 
driven at the constant speed. 

20 [0005] PID control is perfomned based on a deviation of a counted value of the output pulses of an encoder rotating 
in accordance with the rotation of the CR motor from a target position (target number of pulses). 
[0006] The carriage will stop, however, at a position apart from the target position due to change in carriage inertia 
(moment of inertia), loads, motor currents, and so on. A special control (logical seek) is required to stop the carriage at 
the target position. Such a control is very complex and takes long. 

25 

SUiyiMARY OF THE INVENTION 

[0007] It Is therefore an object of the present invention to eliminate the aforementioned problems and to provide a 
control unit, a method, and a storage medium having a control program recorded therein for always precisely stopping 
30 an object driven by a motor for use in a printer at a target position. 

[0008] In order to accomplish the aforementioned and other objects, according to one aspect of the present Inven- 
tion, there is provided a control unit for controlling a motor for use In a printer, including: a speed control part to control 
an object to be controlled that Is driven by the motor bv acceleration control, co nstant speedjia^ rol. decel eration con- 
trol, and stoppage control by controlling a current to be applied to the motor; ariS an Inerfia calculating^'parUp calculate 

35 --j nertia of the object based on angular accel^f^tinn o f thfi mntnrjinriprthA anftftlpmtinn r^nntml nf thP nhjprfr anrlrMirrpnt 

values toTDe applied to the motor under t he accelera tion control and the^capgt apt speed control of the obje ct, the calcu- 
lated inertia being used by the speed control part for controlling the current to be applied to the motor. 
[0009] The control unit may further include a stoppage current calculating part to calculate a stoppage current to 
be used for stopping the object at a target position based on the calculated inertia, an angular velocity of the motor 
40 under the deceleration control of the object, the current value of the motor under the constant speed control of the 
object, and a stoppage constant Tbrk» the speed control part performing control of stopping the object by applying the 
calculated stoppage cun'ent. 

[001 0] It is preferable that a pred etermined current value lace I s applied to the motor in a consent current accel er- 
ation range un der the acceleration control for accelerating the object, the Inertia calculation part calculating angular 

45 acceleration Aco /At in the constant curent acceleration range, and calculating inertia J of the object based on the angu- 
iar acceleration Aco /At, a current v alue If to be applied to the motor under the constant speed control of the object, and 

the current value lace. . ^T) ^ 

[0011] It is preferable that the current vaiue lysorresponds to a speed of the object un der constant speed^ ntrol 
just before a transition from the constant speed^ntrol to the deceleration contr ol. 

50 [0012] The stoppage cun'ent calculating part may use an angular velocity under deceleration control just before a 
transition from the deceleration control to the stoppage control, as the angular velocity of the motor. 
[0013] The control unit may further include a period measuring part to measure a period of each output pulse of an 
encoder that rotates In accordance with rotation of the motor, the angular acceleration and the angular velocity of the 
motor being calculated based on the output of the period measuring part. 

55 [0014] The stoppage constant Tbrk niay be decided based on the cun'ent value to be applied motor under the con- 
stant speed control and a positional deviation of an actual position of the motor from the target position. 
[0015] Moreover, the present invention provides a method of controlling a motor for use in a printer, including the 
steps of: calculating inertia of an object to be driven by the motor based on angular acceleration of the motor under 
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acceleration control of the object, and current values to be applied to the motor under the acceleration control and the 
constant speed control of the object; and controlling a cun-ent to be applied to the motor by means of the calculated Iner- 
tia. 

[0016] The step of controlling the cun^ent may include the steps of: calculating a stoppage current to be used for 
5 stopping the object at a target position based on the calculated inertia, an angular velocity of the motor under deceler- 
ation control of the object, the current value of the motor under the constant speed control of the object, and a stoppage 
constant TsniC ^rid stopping the object by applying the calculated stoppage cun'ent to the motor. 
[0017] Furthermore, the present invention provides a computer-readable storage medium storing control program 
code for controlling a motor for use in a printer. Including: first program code means for calculating inertia of a carriage 
10 based on angular acceleration of a carriage motor under acceleration control of the carriage and current values to be 
applied to the carnage motor under the acceleration control and constant speed control of the carriage; second pro- 
gram code means for calculating a stoppage current to be used for stopping the carriage at a target position based on 
the calculated Inertia, an angular velocity of the motor under deceleration control of the carriage, the current value to 
be applied to the motor under the constant speed control of the carriage, and a stoppage constant Tq^k; and third pro- 
is gram code means for stopping the carriage by applying the calculated stoppage cun'ent to the motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present Invention will be understood more fully from the detailed description given herebelow and from 
20 the accompanying drawings of the preferred embodiments of the Invention. However, the drawings are not intended to 
imply limitation of the invention to a specific embodiment, but are for explanation and understanding only. 
[0019] In the drawings: 

FIG. 1 is a block diagram showing the construction of a preferred embodiment of a control unit for controlling a 
25 motor for use In a printer according to the present invention; 

FIG. 2 is a blocl< diagram showing the construction of an inertia calculating part of the control unit according to the 
present invention; 

FIGS. 3(a) and 3(b) are waveform illustrations of the embodiment shown in FIG. 1; 
FIG. 4 is a block diagram schematically showing the construction of an Inkjet printer; 
30 FIG. 5 is a perspective view showing the peripheral construction of a carriage; 

FIG. 6 is a schematic view showing the construction of a linear type encoder; 
FIGS. 7(a) and 7(b) are waveform Illustrations of output pulses of an encoder; 

FIG. 8 is a schematic perspective view of a printer for explaining the position of a paper detecting sensor; 
FIG. 9 is a flowchart showing a control procedure in a method for controlling a motor for use in a printer according 
35 to the present invention; 

FIG. 10 is a perspective view showing an example of a computer system using a storage medium, in which a print 
control program has been recorded, according to the present invention; and 

FIG. 1 1 is a block diagram showing an example of a computer system using a storage medium. In which a print 
control program has been recorded, according to the present invention. 

40 

PEggRIPTION OFTtiE PREFERREP EMPQPIMENTg 

[0020] Referring now to the accompanying drawings, the preferred embodiments of the present invention will be 
described below. 

45 [0021] First, the schematic construction and control of an ink jet printer, which uses a control unit for controlFing a 
motor for use in a printer according to the present invention, will be described. The schematic construction of this ink 
jet printer Is shown in FIG. 4. 

[0022] This ink jet printer comprises: a paper feed motor (which will be also hereinafter referred to as a PF motor) 
1 for feeding a paper; a paper feed motor driver 2 for driving the paper feed motor 1; a carriage 3; a carriage motor 

50 (whteh will be also hereinafter refen^ed to as a CR motor) 4; a CR motor driver 5 for driving the carriage motor 4; a DC 
unit 6; a pump motor 7 for controlling the suction of ink for preventing clogging; a pump motor driver 8 for driving the 
pump motor 7; a recording head 9, fixed to the carnage 3, for discharging ink to a printing paper 50; a head driver 10 
for driving and controlling the recording head 9; a linear type encoder 1 1 fixed to the carriage 3; a code plate 12 which 
has slits in regular intervals; a rotary type encoder 1 3 for use in the PF motor 1 ; a paper detecting sensor 15 for detect- 

55 ing the position of the rear edge of a paper which is being printed; a CPU 1 6 for controlling the whole printer; a timer IC 
1 7 for periodically generating an interruption signal to output the signal to the'CPU 1 6; an Interface part (which will be 
also hereinafter refen^ed to as an IF 1 9 for transmitting/receiving data to/from a host computer 1 B; an ASIC 20 for con- 
trolling the printing definition, the driving wavefonn of the recording head 9 and so forth on the basis of printing infomia- 
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tion which is fed from the host computer 1 8 via the IF 1 9; a PROM 21 , RAM 22 and EEPROM 23 which are used as 
working and program storing regions for the ASIC 20 and the CPU 16; a platan 25 for supporting the paper 50 during 
print; a carrier roller 27, driven by the PF motor 1 , for carrying the printing paper 50; a pulley 30 mounted on the rotating 
shaft of the CR motor 4; and a timing belt 31 driven by the pulley 30. 

5 [0023] Furthermore, the DC unit 6 is designed to drive and control the paper feed motor driver 2 and the CR motor 
driver 5 on the basis of a control command, which is fed from the CPU 16, and the outputs of the encoders 11 and 13. 
In addition, each of the paper feed motor 1 and the CR motor 4 comprises a DC motor. 
[0024] The peripheral construction of the cariage 3 of this ink jet printer is shown in FIG. 5. 
[0025] The carriage 3 Is connected to the carriage motor 4 via the timing belt 31 and the pulley 30 to be driven so 

10 as to be guided by a guide member 32 to move in parallel to the platen 25. The can-lage 3 Is provided with the recording 
head 9 on the surface facing the printing paper. The recording head 9 comprises a nozzle row for discharging a black 
ink and a nozzle row for discharging color inks. Each nozzle is supplied with ink from an ink cartridge 34, and dis- 
charges drops of Ink to the printing paper to print characters and/or images. 

[0026] In a non-print region of the carnage 3, there are provided a capping unit 35 for sealing a nozzle opening of 
75 the recording head 9 during non-print, and a pump unit 36 having the pump motor 7 shown in FIG. 4. When the carnage 

3 moves from a print region to the non-print region, the can'iage 3 contacts a lever (not shown) to move the capping unit 
35 upwards to seal the recording head 9. 

[0027] When the nozzle opening row of the recording head 9 is clogged with ink, or when the cartridge 34 is 
exchanged or the like to force the recording head 9 to discharge Ink, the pump unit 36 is operated in the sealed state of 
20 the recording head 9, to suck ink out of the nozzle opening row by a negative pressure from the pump unit 36. Thus, 
dust and paper powder adhering to a portion near the nozzle opening row are cleaned. Moreover, bubbles of the record- 
ing head 9, together with ink, are discharged to a cap 37. 

[0028] Then, the construction of the linear type encoder 11 mounted on the carriage 3 is shown in FIG. 6. This 
encoder 1 1 comprises a light emitting diode 1 1 a, a collimator lens 1 1 b, and a detection processing part 1 1c. The detec- 
ts tion processing part 1 1 c has a plurality of (four) photodlodes 1 1 d, a signal processing circuit 1 1 a, and two comparators 
llfA and life. 

[0029] If a voltage Vcc is applied between both ends of the light emitting diode 1 1 a via a resistor, light rays are emit- 
ted from the light emitting diode 1 1 a. The light rays are collimated by the collimator lens 1 1 b to pass through the code 
plate 12. The code plate 12 is provided with slits at regular intervals (e.g., every 1/180 inches (= 1/180 x 2.54 cm)). 

30 [0030] The parallel rays passing through the code plate 1 2 are Incident on each of the photodlodes 1 1 d via a fixed 
slit (not shown), and converted into electric signals. The electric signals outputted from the four photodlodes 1 1d are 
processed by the signal processing circuit 1 1e. The signals outputted from the signal processing circuit 1 1e are com- 
pared by the comparators llf^ and llf^, and the compared results are outputted as pulses. The pulses ENC-A and 
ENC-B outputted from the comparators 1 1f^ and 1 are outputs of the encoder 1 1 . 

3S [0031] The phase of the pulse ENC-A Is different from the phase of the pulse ENC-B by 90 degrees. The encoder 

4 is designed so that the phase of the pulse ENC-A is advanced from the pulse ENC-B by 90 degrees as shown in FIG. 
7(a) when the CR motor 4 is normally rotating, i.e., when the carnage 3 is moving a main scanning direction, and the 
phase of the pulse ENC-A lags behind the pulse ENC-B by 90 degrees as shown in FIG. 7(b) when the CR motor 4 is 
reversely rotating. One period T of the pulses corresponds to the distance between adjacent slits of the code plate 12 

40 (e.g., 1/1 80 inches (= 1/1 80 x 2.54 cm)). This is equal to a period of lime, in which the carriage 3 moves between the 
adjacent slits. 

[0032] On the other hand, the rotary type encoder 13 for use in the PF motor 1 has the same construction as that 
of the linear type encoder 1 1 , except that the code plate is a rotating disk which rotates in accordance with the rotation 
of the PF motor 1 . Furthermore, in the ink jet printer, the distance between adjacent slits of a plurality of slits provided 

45 in the code plate of the encoder 13 for use in the PF motor is 1/1 80 Inches (1/1 80 x 2.54 cm). When the PF motor 1 
rotates by the distance between adjacent slits, the paper is fed by 1/1440 Inches (= 1/1440 x 2.54 cm). 
[0033] Referring to FIG. 8, the position of the paper detecting sensor 15 shown In FIG. 4 will be described below. 
[0034] In FIG. 8, the paper 1 0 inserted into a paper feeding port 61 of a printer 60 is fed into the printer 60 by means 
of a paper feeding roller 64 which is driven by a paper feeding motor 63. The front edge of the paper 50, which has been 

so fed into the printer 60, is detected by, e.g., an optical paper detecting sensor 1 5. The paper 50, the front edge of which 
has been detected by the paper detecting sensor 15, Is fed by means of a paper feed roller 65 and a driven roller 66 
which are driven by the PF motor 1 . 

[0035] Subsequently, ink drops from the recording head (not shown), which is fixed to the carriage 3 moving along 
the carriage guide member 32, to carry out a print. Then, when the paper is fed to a predetermined position, the rear 
55 edge of the paper 50, which is cun^ently being printed, is detected by the paper detecting sensor 15. Then, a gear 67c 
is driven, via a gear 67b, by means of a gear 67a which is driven by the PF motor 1 . Thus, a paper discharging roller 68 
and a driven roller 69 are rotated to discharge the printed paper 50 from a paper discharging port 62 to the outside. 
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(First Preferred Embodiment) 

[0036] The construction of the first preferred embodiment of a control unit for controlling a motor for use In a printer 
according to the present invention is shown in FIG. 1 . A controller 80 in this embodiment is used for controlling the car- 

5 riage motor 4 (a DC motor) of the ink jet printer, and installed in the DC unit 6 explained with reference to FIG. 4. 
[0037] The controller 80 comprises a position calculating part 81 , a subtracter 82, a target speed calculating part 
63, a period measuring part 84, a speed calculating part 85, a subtracter 86, a proportional element 87a, an Integrating 
element 87b, a differentiating element 67c an adder 69, a tinier 90, an acceleration control part 91, a stoppage control 
part 92 having an inertia calculating part 93 and a stoppage current calculating part 94, a selection part 95 and a D/A 

10 converter 96. 

[0038] The position calculating part 6a is designed to detect the leading and trailing edges of each of the output 
pulses ENC-A and ENC-B of the encoder 1 1 to count the number of the detected edges, and to calculate the position 
of the can'lage 3 on the basis of the counted value. In this counting, when the CR motor 4 is normally rotating, If one 
edge is detected, " +1 " is added, and when the CR motor 4 is reversely rotating, if one edge is detected," -1 " is added. 

75 Each of the periods of the pulses ENC-A and ENC-B is equal to the distance between adjacent slits of the code plate 
12, and the phase of the pulse ENC-A Is different from the phase of the pulse ENC-B by 90 degrees. Therefore, the 
counted value Tin the above described counting corresponds to 1/4 of the distance between adjacent slits of the code 
plate 12. Thus, if the counted value is multiplied by 1/4 of the distance between adjacent slits, it is possible to obtain the 
moving amount of the carriage 3 from a position corresponding to a counted value " 0" . At this time, the definition of 

20 the encoder 1 1 Is 1/4 of the distance between adjacent slits of the code plate 12. If the distance between adjacent slits 
is 1/1 60 inches (= 1/1 80 x 2.54 cm), the definition is 1/720 inches (= 1/720 x 2.54 cm). 

[0039] The subtracter 82 is designed to calculate a position deviation of the actual position of the carriage 3, which 
is obtained by the position calculating part 81, from a target position which is fed from the CPU 16. 
[0040] The target speed calculating part 83 is designed to calculate a target speed of the carriage 3 on tiie basis 
25 of the position deviation which Is the output of the subtracter 82. This operation Is carried out by multiplying the position 
deviation by a gain Kp This gain Kp is determined in accordance witii the position deviation. Furthermore, the value of 
the gain Kp may be stored in a table (not shown). 

[0041] The target speed calculating part 83 continuously outputs a predetermined value Vs in a deceleration range 
for stoppage until the calculated speed reaches the value Vs or less to stop the CR motor 4. The period measuring part 
30 84 measures a period of each output pulse ENC-A of the encoder 1 1 , for example, from the leading to trailing edges of 
the output pulse ENC-A by a timer counter (not shown). 

[0042] The speed calculating part 85 calculates a speed of tiie carriage 3 based on the output of the period meas- 
uring part 84. A speed of the carriage 3 is calculated as 7JT in which X is the distance between the slits of the code plate 
1 2, and T Is one period of the output of the period measuring part 84, or each output pulse ENC-A of the encoder 1 1 . 
35 [0043] The subtracter 86 is designed to calculate a speed deviation of the actual speed of the carriage 3, which is 
calculated by the speed calculating part 85, from a target speed. 

[0044] The proportional element 87a Is designed to multiply the speed deviation by a constant Gp to output the mul- 
tiplied result. The integrating element 87b Is designed to integrate a value which is obtained by multiplying the speed 
deviation by a constant Gi. The differentiating element 87c is designed to multiply a difference between the cun-ent 
40 speed deviation and the last speed variation by a constant Gd to output the multiplied result. Furthermore, the opera- 
tions in the proportional element 87a, integrating element 87b and differentiating element 87c are carried out every one 
period of the output pulse ENC-A of the encoder 11, i.e., in synchronism with the leading edge of the output pulse ENC- 
A. 

[0045] The outputs of the proportional element 87a, Integrating element 87b and differentiating element 87c are 
45 added by the adder 89. Then, the added result is fed to the selection part 95. 

[0046] In addition, the timer 90 and the acceleration control part 91 are used for controlling acceleration, and the 
PID control using the proportional element 67a, Integrating element 67b and differentiating element 87c Is used for con- 
trolling the constant speed and deceleration during acceleration. The stoppage control part 92 is used for stoppage 
controlling. 

50 [0047] The timer 90 Is designed to generate a timer interruption signal for every predetemilned time on the basis of 
a clock signal which is fed from the CPU 1 6. 

[0048] The acceleration control part 91 is designed to integ^r ate a predeterminsdjruiTent value (e.g.. 20 mA) into a 
^tarqetjurrent va lue every time It receives the timer Inten-uption signal, and to feed the integrated result. I.e.. the target 
cun-ent value of the DC motor 4 during acceleration, to the selection part 95. 
55 [0049] The acceleration control part 91 feeds a comniand signal to the Inertia calculatincLPart 9 2 when the target 
curent value reaches a predetemnined value lace. ' 

[0050] As shown in FIG. 2, the inertia calculating part 93 has, for example, a memory 93a, timer 93b and a calcu- 
lator 93c. The inertia calculating part 93 calculates inertia J (including inertia of an ink cartridge) of the carriage 3 based 
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on the output of the period measuring part 84, the output of the acceleration control part 91 , and also the output of the 
integrating element 87b. 

[0051 ] After receiving the command signal from the acceleration control part 9 1 , the memory 93a stores the second 
period T2 and the K-th period (K & 3] fed from the period measuring part 84. The periods T2 and are the values 
while the acceleration control part 91 is outputting the predetennlned value lace. The subscript K Is predetemnined 
according to control. 

[0052] The timer 93b counts a period of time Tt from reception of the second period T2 to the K-th period Tk- 
Instead of counting, a period T| (i = 2, K) from the second to the K-th can be integrated as 



10 



Tj=:T3 + . 
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20 
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[0053] The calculator 93c calculates the inertia J of the carriage 3 according to the equation (1 ) based on the values 
lace, T2, Tk and Tt, and also an output If of the integrating eiemeni B/b, which is the output just before the moment the 
carnage 3, or the CR motor 4 is In transition from the constant speed range to the deceleration range. 




\ 





- // 


a 


a 




T2 



I ^. + t) 3 



(1) 



35 

In the equation (1), 03 and a representLan angular veloc ity of the CR motor 4 and a constant for obtaining the angular 
velocity, respectively, tne numerator indicates suptraalon ot a jriction compone nt If from a torque (a drive current Ice), 
and the denominator Indicates the rate of change In angular vefocity of the motor 4, or angular acceleration. 
[0054] The stoppage cun-ent calculating part 94 calculates a cun-ent value Iqjqp to be applied to the CR motor 4 
40 for stopping the carriage at the target position according to the equation (2) based on the output Tf of the period meas- 
uring part 84, the output If of the integrating element 87b In transition from the constant speed to deceleration ranges, 
the output of the subtracter 82, and also the output J of the inertia calculating part 93 when the output of the subtracter 
86 is decreased to a predetermined value or less while the target speed calculating part 83 is outputting a predeter- 
mined vatue Vg. 

45 

a 



50 




[0055] The resultant current value Istop supplied to the selection part 95. 

[0056] In the equation (2), a is a constant for obtaining an angular velocity of the CR motor 4, Tgpi^ is called a stop- 
page constant that is decided by the stoppage current calculating part 94 based on the output of the subtracter 82 just 
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before stoppage control, or a positional deviation, and the output If of the integrating element 87b. The value Tbrk is 
preferably stored on a table, and Is obtained by experiment for achieving smaller stoppage positional enx)r. The current 
value IsTOP ^ fonvard current if the value is positive, while It is a reverse current if negative. 
[0057] The selection part 95 selects either the output of the acceleration control part 91 under acceleration control, 
5 the output of the adder 89 at a constant speed under acceleration and under deceleration control, or the output of the 
stoppage current calculating part 94 under stoppage control. The selected output Is supplied to the D/A converter 96. 
[0058] The output of the selection part 95 Is converted Into an analog current by the D/A converter 96. On the basis 
of this analog current, the CR motor 4 is driven by the driver 5. 

[0059] The driver 5 has. e.g.. four transistors. By turning each of the transistors ON and OFF on the basis of the 
10 output of the D/A converter 96, the driver 5 can be selectively in (a) an operation mode In which the CR motor 4 is nor- 
mally or reversely rotated, (b) a regenerative brake operation mode (a short brake operation mode, i.e., a mode in which 
the stopping of the CR motor is maintained), or (c) a mode in which the CR motor is intended to be stopped. 
[0060] Refen-ing to FIGS. 3(a) and 3(b), the operation of the controller 80 will be described below. 
[0061] If a start-up command signal for starting the CR motor 4 is fed from the CPU 16 to the controller 80 of the 
15 DC unit 6 when the CR motor 4 is stopped, a start-up initial cun^ent value Iq is fed from the acceleration control part 91 
to the D/A converter 96 via the selection part 95. Furthermore, this start-up Initial current value Iq, together with the 
start-up command signal, is fed from the CPU 16 to the acceleration control part 91 . Then, this current value Iq is con- 
verted into an analog current by the D/A converter 96 to be fed to the driver 5, and the CR motor is started up by the 
driver 5 (see FIG. 3(a), 3(b)). 

20 [0062] After the start-up command signal is received, the timer 90 generates a timer interruption signal for every 
predetermined time. Every time the acceleration control part 91 receives the timer interruption signal, the acceleration 
control part 91 Integrates a predetermined cun-ent value (e.g., 20 mA) Into the start-up initial cun-ent value Iq, to feed 
the integrated current value to the D/A converter 96 via the selection part 95. Then, the integrated cun'ent value is con- 
verted into an analog current by the D/A converter 96 to be fed to the driver 5. Then, the CR motor is driven by the driver 

25 5 so that the value of the current supplied to the CR motor 4 is the Integrated cun-ent value, so that the speed of the CR 
motor 4 increases (See FIG. 3(b)). Therefore, the current value supplied to the CR motor is step-wise as shown in FIG. 
3(a). 

[0063] Furthemnore, at this time, although the PID control system also operates, the selection part 95 selects and 
incorporates the output of the acceleration control part 91 . 

30 [0064] The integration of the current value in the acceleration control part 91 Is carried out until the speed of the CR 
motor 4 reaches a speed Vq. When a cun-ent value integrated at time ti reaches the predetermined value lace, the 
acceleration control part 91 halts the Integration operation, and feeds the constant current value lace to the D/A con- 
verter 96 via the selection part 95 so that the driver 5 drives the CR motor 4 with the current value lace applied thereto 
(see FIG. 3(a)). During this process, the acceleration control part 91 sends a command signal to the inertia calculating 

35 part 93. After receiving the command signal, the memory 93a stores the second period T2 and the K-th period Tk (K & 
3) fed from the period measuring part 84. The timer 93b measures a period of time Tt from the reception of the second 
period T2 to the K-th period Tk- 

[0065] Then, in order to prevent the speed of the CR motor 4 from overshooting, the acceleration control part 91 
controls the CR motor 4 so as to reduce the current, which is supplied to the CR motor 4, when the speed of the CR 
40 motor 4 becomes a predetermined speed (see time t2). At this time, the speed of the CR motor 4 further increases. 
However, when the speed of the CR motor 4 reaches a predetennined speed Vq (see time In FIG. 3(b)), the selection 
part 95 selects the output of the PID control system, i.e., the output of the adder 89, to carry out the PID control. 
[0066] That is, the target speed is calculated on the basis of the position deviation of the actual position, which is 
obtained from the output of the encoder 1 1 , from the target position. In addition, the proportional element 87a, integrat- 
es ing element 87b and differentiating element 87c are operated on the basis of the speed deviation of the actual speed, 
which is obtained from the output of the encoder 1 1 , from the target speed to carry out the proportional, integrating and 
differentiating operations. Moreover, the CR motor 4 Is controlled on the basis of the sum of these calculated results. 
Furthermore, the above described proportional, integrating and differentiating operations are carried out in synchro- 
nism with, e.g., the leading edge of the output pulse ENC-A of the encoder 1 1 . Thus, the speed of the DC motor 4 is 
50 controlled so as to be a desired speed Vq. Furthemnore, the predetemnined speed Vq is preferably a value of 70 % to 
80 % of the desired speed V^. 

[0067] Since the speed of the DC motor 4 is the desired speed Ve after time t4, a printing processing can be carried 
out. When the printing processing is completed and when the carriage 3 reaches the target position (see time ts In FIG. 
3(b)), deceleration control is perfomied by PID control system. Moreover, the output if of the integration element 87b 
55 just before the deceleration control is fed to the inertia calculating part 93 for calculation of the inertia J of the carriage 
3 having the rotary section of the CR motor 4. 

[0068] When a target speed calculated by the target speed calculating part 83 reaches the predetermined value Vg 
or less by the deceleration control, the target speed calculating part 83 continuously outputs the predetermined value 
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Vs. 

[0069] When the deviation of an actual speed from the predetermined value reaches a predetermined value or 
less (see time tg). the stoppage current calculating part 94 calculates the current value Istop to be applied to the CR 
motor 4 according to the equation (2) for stopping the carriage at the target position. The current value Istop 
5 the D/A converter 96 via the selection part 95 so that the driver 5 drives the CR motor 4 with the current value Istop 
stop the CR motor 4, or the can-iage 3 at the target position (see time Xy In FIG. 3(b)). 

[0070] As disclosed above, this embodiment achieves a rapid and precise stoppage of the carriage 3 at the target 
position. 

[0071] The embodiment employs the carriage driven by the DC motor as an object to be controlled. The present 
10 invention can, however, be applied to paper feeding. 

[0072] One inertia calculation is usually executed for each one pass (one main scanning operation during printing 
process). However, this is not a must, and it is preferable that an inertia calculation is executed based on data neces- 
sary for the calculation, which have been stored at timing, such as, Just before stoppage that will not affect encoder peri- 
ods. 

75 [0073] The calculated inertia is used not only for stoppage control but also forjudging the status of the printing drive 
section to control the drive section In a desired status. Moreover, inertia can be updated at any timing, such as, per 
page, after cleaning, and so on. Inertia calculation may be conducted, however, inertia that is updated for the first time 
after same change has occurred in the former Inertia can be used. 

20 (Second Preferred Embodiment) 

[0074] The second preferred embodiment will be disclosed with reference to FIG. 9. The second embodiment Is a 
method of controlling a motor for use in a printer. A control procedure is shown in FIG. 9. 

[0075] Firstly, inertial of the carriage 3 is calculated based on angular acceleration of the CR motor 4 under caniage 
25 acceleration control, and current values applied to the CR motor 4 under carriage acceleration and constant speed con- 
trol (see step F1 in FIG. 9). 

[0076] Calculated next is a stoppage current for stopping the carriage 3 at the target position based on the calcu- 
lated Inertia, an angular velocity of the CR motor 4 at carriage deceleration, a current value applied to the CR motor 4 
under carriage constant control, and the stoppage constant Tq^^k (^^^ ^^^P 
30 [0077] The calculated stoppage current is then applied to the CR motor 4 for carriage stoppage (see step F3 in FIG. 

9). 

[0078] The steps F2 and F3 In FIG, 9 are the steps for controlling a current applied to the CR motor 4 with the cal- 
culated inertia. 

[0079] As disclosed above, according to the second embodiment, a stoppage current is calculated according to 
35 inertia of the carriage 3 and the CR motor 4 is controlled based on the calculated stoppage cun^ent, thus achieving rapid 
and precise carriage stoppage at the target position. 

(Third Preferred Embodiment) 

40 [0080] Referring to FIGS. 10 and 11, the third preferred embodiment of the present invention will be described 
below. This preferred embodiment relates to a storage medium, in which a control program for controlling a motor for 
use in a printer has been stored. FIGS. 10 and 11 are a perspective view and block diagram showing an example of a 
computer system 1 30 which uses a storage medium, In which a print control program In this preferred embodiment has 
been recorded. 

45 [0081] In FIG. 10, the computer system 130 comprises a computer body 130 including a CPU, a display unit 132, 
such as a CRT, an input unit 1 33, such as a keyboard or mouse, and a printer 134 for carrying out a print 
[0082] As shown In FIG. 1 1, the computer body 131 comprises an Internal memory 135 of a RAM, and a built-in or 
exterior memory unit 136. As the memory unit 136, a flexible or floppy disk (FD) drive 137, a CD-ROM drive 138 and a 
hard disk drive (HD) unit 1 39 are mounted. As shown in FIG. 1 0, a flexible disk or floppy disk (FD) 1 41 which is inserted 

so into a slot of the FD drive 137 to be used, a CD-ROM 142 which is used for the CD-ROM drive 138, or the like Is used 
as a storage medium 140 for use in the memory unit 136. 

[0083] As shown in FIGS. 1 0 and 1 1 , it is considered that the FD 1 41 or the CD-ROM 1 42 is used as the storage 
medium for use In a typical computer system. However, since this preferred embodiment relates to a control program 
for controlling a motor for use in the printer 134, the control program of the present invention may be recorded in, e.g., 
55 a ROM chip 1 43 serving as a nonvolatile memory which Is built in the printer 134. Of course, the storage medium may 
be any one of FDs, CD-ROMs, MOs (Magneto-Optical) disks, DVDs (Digital Versatile Disks), other optical recording 
disks, card memories, and magnetic tapes. 

[0084] The storage medium 140 in this preferred embodiment is designed to store a control program of a control 
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procedure including steps F1 through F3 shown in FIG. 9. That is, the storage mediunn 140 in this preferred embodi- 
ment may store storing control program code for controlling a motor for use in a printer, Including: a first program code 
for calculating inertia of a carriage based on angular acceleration of a carriage motor under acceleration control of the 
carriage and cun'ent values to be applied to the carriage motor under the acceleration control and constant speed con- 

5 trol of the carriage; a second program code for calculating a stoppage current to be used for stopping the carriage at a 
target position based on the calculated inertia, an angular velocity of the motor under deceleration control of the car- 
riage, the cun'ent value to be applied to the motor under the constant speed control of the carriage, and a stoppage con- 
stant Tbrk; and a third program code for stopping the carriage by applying the calculated stoppage current to the motor. 
[0065] As disclosed above, the present invention achieves rapid and precise stoppage of an object to be controlled. 

10 [0086] While the present Invention has been disclosed In terms of the preferred embodiment In order to facilitate 
better understanding thereof, it should be appreciated that the invention can be embodied in various ways without 
departing from the principle of the invention. Therefore, the invention should be understood to include all possible 
embodiments and modification to the shown embodiments which can be embodied without departing from the principle 
of the invention as set forth in the appended claims. 

75 [0087] Reference signs in the claims are intended for better understanding and shall not limit the scope. 

Claims 

1 . A control unit for controlling a motor for use In a printer, comprising: 

20 

a speed control part{83,86,87a,87b,87c,89,95,96) to control an object to be controlled that is driven by the 
motor (4) by acceleration control, constant speed control, deceleration control, and stoppage control by con- 
trolling a cun'ent to be applied to the motor; and 

an inertia calculating part(93) to calculate inertia of the object based on angular acceleration of the motor 
25 under the acceleration control of the object, and current values to be applied to the motor under the accelera- 

tion control and the constant speed control of the object, the calculated inertia being used by the speed control 
part for controlling the current to be applied to the motor. 

2. A control unit for controlling a motor for use in a printer, as set forth in claim 1 further comprising a stoppage current 
30 calculating part(94) to calculate a stoppage current to be used for stopping the object at a target position based on 

the calculated inertia, an angular velocity of the motor under the deceleration control of the object, the current value 
of the motor under the constant speed control of the object, and a stoppage constant Tqri^, the speed control part 
performing control of stopping the object by applying the calculated stoppage cun^nt. 

35 3. A control unit for controlling a motor for use in a printer, as set forth In claim 2, wherein a predetemnined cun^ent 
value lace is applied to the motor in a constant cun'ent acceleration range under the acceleration control for accel- 
erating the object, the inertia calculation part calculating angular acceleration AoyAt in the constant cun^ent accel- 
eration range, and calculating Inertia J of the object based on the angular acceleration AoVAt, a cun-ent value If to 
be applied to the motor under the constant speed control of the object, and the cun'ent value lace. 

40 

4. A control unit for controlling a motor for use In a printer, as set forth In claim 3, wherein the current value If con'e- 
sponds to a speed of the object under constant speed control just before a transition from the constant speed con- 
trol to the deceleration control. 

45 5. A control unit for controlling a motor for use in a printer, as set forth in claim 1 , wherein the stoppage current calcu- 
lating part uses an angular velocity under deceleration control just before a transition from the deceleration control 
to the stoppage control, as the angular velocity of the motor. 

6. A control unit for controlling a motor for use in a printer, as set forth in claim 1 further comprising a period measuring 
50 part to measure a period of each output pulse of an encoder that rotates in accordance with rotation of the motor, 

the angular acceleration and the angular velocity of the motor being calculated based on the output of the period 
measuring part. 

7. A control unit for controlling a motor for use in a printer, as set forth in daim 1 , wherein the stoppage constant Tqpi^ 
55 is decided based on the current value to be applied motor under the constant speed control and a positional devi- 
ation of an actual position of the motor from the target position. 

8. A control unit for controlling a motor for use in a printer, as set forth in claim 1 , wherein the motor is a carriage motor 
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for driving a carriage. 
9. A method of controlling a motor for use In a printer, comprising tiie steps of: 

5 caicuiating inertia of an object to be driven by the motor based on angular acceleration of the motor under 

acceleration control of the object, and curent values to be applied to the motor under the acceleration control 
and the constant speed control of the object; and 

controlling a current to be applied to the motor by means of the calculated inertia. 

70 10. A method of controlling a motor for use in a printer, as set forth in claim 9, wherein the step of controlling the curent 
includes the steps of: 

calculating a stoppage current to be used for stopping the object at a target position based on the calculated 
inertia, an angular velocity of the motor under deceleration control of the object, the current value of the motor 
75 under the constant speed control of the object, and a stoppage constant Tq^k; and 

stopping the object by applying the calculated stoppage current to the motor. 

1 1 . A method of controlling a motor for use in a printer, as set forth in claim 9, wherein the object is a carriage of a serial 
printer. 

20 

12. A computer-readable storage medium storing control program code for controlling a motorfbr use in a printer, com- 
prising: 

first program code means for caicuiating inertia of a carriage based on angular acceleration of a carriage motor 
25 under acceleration control of the carriage and current values to be applied to the carnage motor under the 

acceleration control and constant speed control of the carnage; 

second program code means for calculating a stoppage current to be used for stopping the carriage at a target 
position based on the calculated inertia, an angular velocity of the motor under deceleration control of the car- 
riage, the cun^ent value to be applied to the motor under the constant speed control of the carriage, and a stop- 
30 page constant TbrkI smd 

third program code means for stopping the canlage by applying the calculated stoppage cun'ent to the motor. 
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